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INTERNAL COMBUSTION ENGINE HAVING VARIABLE COMPRESSION RATIO 
MECHANISM AND CONTROL METHOD THEREFOR 

BACKGROUND OF THE INVENTION 
5 [0001] The present invention relates to an internal 
combustion engine having a variable compression ratio 
mechanism, and more specifically relates to a technique for 
preventing an air- fuel ratio deviation that can be caused by 
a transient change in piston displacement volume under 
10 compression ratio control in the internal combustion engine. 
The present invention further relates to a control method for 
an internal combustion engine having a variable compression 
ratio mechanism. 

[0002] Japanese Laid-Open Patent Publication No. 

15 2001-263114 discloses one type of internal combustion engine 
having a variable compression ratio mechanism operatable 
during a piston intake stroke to control a compression ratio. 
This variable compression ratio mechanism includes a 
plurality of links (such as a connecting rod pivotally 

20 connected to a piston) and operates in such a manner that the 
compression ratio is set high in a low/middle -load engine 
operating range, or is set low in a low/middle- speed high- load 
engine operating range and high in a low/middle -speed 
low/middle -load engine operating range. By controlling the 

25 compression ratio in. accordance with the engine speed and load 
as above, the engine can achieve a good balance of fuel economy 
and power output . 

SUMMARY OF THE INVENTION 
[0003] The compression ratio is generally shifted in a load 
30 direction so as to satisfy the demands for both the fuel 
economy and the power output. In high geared driving, the 
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compression ratio quickly changes in response to accelerator 
pedal operation without an increase in the engine speed. 
Accordingly, there arises a possibility that, when the engine 
speed is relatively low, the compression ratio substantially 
5 changes during the intake stroke to thereby cause a transient 
change in piston displacement volume in the cycle. 
[0004] For example, the piston displacement volume 
transiently increases with decrease in the compression ratio 
under fast acceleration. If a fuel injection amount has been 
10 decided before such an increase in piston displacement volume, 
an actual air-fuel ratio of the engine deviates from its 
target value toward a lean side. This leads to a 
deterioration of engine acceleration and exhaust 
performance. 

15 [0005] It is therefore an object of the present invention 
to provide an internal combustion engine having a variable 
compression ratio mechanism that is capable of preventing an 
air- fuel ratio deviation under compression ratio control, e.g. 
at the time of fast acceleration, so as to maintain both of 

20 running (power output and fuel efficiency) performance and 
exhaust performance . 

[0006] It is also an object of the present invention to 
provide a control method for such an internal combustion 
engine . 

25 [0007] According to a first aspect of the invention, there 
is provided an internal combustion engine comprising a 
variable compression ratio mechanism operatable during an 
intake stroke to change an actual compression ratio of the 
engine, the engine being capable of correcting an amount of 

30 fuel injected into the engine in response to a change in the 
compression ratio . 
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[0008] According to a second aspect of the invention, there 
is provided an internal combustion engine comprising a 
variable compression ratio mechanism operatable during an 
intake stroke to change an actual compression ratio of the 
5 engine, the engine being capable of regulating a compression 
ratio control speed of the variable compression ratio 
mechanism . 

[0009] According to a third aspect of the invention, there 
is provided a control method for an internal combustion engine, 

10 comprising: operating a variable compression ratio mechanism 
of the engine to change an actual compression ratio; allowing 
a fuel injection valve of the engine to inject fuel into the 
engine during exhaust and intake strokes; and controlling the 
fuel injection valve so as to correct the amount of fuel 

15 injected into the engine during the intake stroke in response 
to a change in the compression ratio. 

[0010] According to a fourth aspect of the invention, there 
is provided a control method for an internal combustion engine, 
comprising: operating a variable compression ratio mechanism 
20 of the engine to change an actual compression ratio; and 
regulating a compression ratio control speed of the variable 
compression ratio mechanism in response to a change in the 
compression ratio - 

[0011] The other objects and features of the present 
25 invention will also become understood from the following 
description . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] FIG.l is a system configuration of an internal 
combustion engine having a variable compression ratio 
30 mechanism according to one exemplary embodiment of the 
present invention . 
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[0013] FIG. 2 is an assembled view of the variable 
compression ratio mechanism of FIG. 1. 

[0014] FIG. 3 is a diagram showing a compression ratio 
characteristic of the engine of FIG. 1. 
5 [0015] FIG. 4 is a diagram showing piston movements in high 
and low compression ratio states. 

[0016] FIG. 5 is a diagram showing a piston movement at the 
time of shifting from a high compression ratio state to a low 
compression ratio state during a piston intake stroke. 
10 [0017] FIG. 6 is a diagram showing a fuel injection 
characteristic of the engine of FIG. 1. 

[0018] FIG. 7 is a fuel injection amount correction map 
according to a first embodiment of the present invention. 
[0019] FIG. 8 is a flowchart for correction of a fuel 
15 injection amount according to the first embodiment of the 
present invention . 

[0020] FIG. 9 is a fuel injection amount correction map 
according to a second embodiment of the present invention. 
[0021] FIG. 10 is a flowchart for correction of a fuel 
20 injection amount according to the second embodiment of the 
present invention . 

[0022] FIG. 11 is a fuel injection amount correction map 
according to a third embodiment of the present invention. 
[0023] FIG. 12 is a flowchart for correction of a fuel 
25 injection amount according to the third embodiment of the 
present invention . 

[0024] FIG. 13 is a diagram showing a secular change in the 
deviation between an actual compression ratio and a target 
compression ratio of the engine. 
30 [0025] FIG. 14 is a compression ratio control speed 

regulation map according to a fourth embodiment of the present 
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invention. 

[0026] FIG. 15 is a flowchart for regulation of a 
compression ratio control speed according to the fourth 
embodiment of the present invention. 
5 DESCRIPTION OF THE EMBODIMENTS 

[ 0027 ] The present invention will be described below by way 
of the following embodiments , in which like parts and portions 
are designated by like reference numerals to thereby omit 
repeated descriptions thereof. 
10 [0028] Internal combustion engine 1 according to a first 
embodiment of the present invention will be now described with 
reference to FIGS. 1 to 8. 

[0029] As shown in FIG. 1, internal combustion engine 1 has 
intake pipe 55, exhaust pipe 54, compressor 53, air flowmeter 

15 2, intercooler 3, intake pressure gauge 4, turbocharger 

(supercharger) 51, turbine 52, fuel injection valve 16, spark 
plug 17, piston 38, cylinder 39, crankshaft 31 (see FIG. 2), 
catalytic converter 19, muffler 20, engine control module 
(ECM) 11 and various sensors. 

20 [0030] Compressor 53 is disposed in intake pipe 55. Air 
flow meter 2 is located at an upstream side of compressor 53 
to detect an intake gas amount. Intercooler 3 is located at 
a downstream side of compressor 53, and intake pressure gauge 
4 is located at a downstream side of intercooler 3 to detect 

25 a boost pressure. The installed sensors include crank angle 
sensor 5 to detect a crank angle and an engine speed Ne, oxygen 
sensor 6 to detect the concentration of oxygen in exhaust gas, 
knock sensor 8 to detect the occurrence of knocking, throttle 
sensor 10 to detect an opening of throttle valve 9 

30 (hereinafter referred to as a "throttle valve opening TVO") 
and intake temperature sensor 60 to detect the temperature 
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of intake gas at an outlet side of intercooler 3. The 
detection signals from these sensors 5, 6, 8, 10 and 60 are 
input to ECM 11 so that ECM 11 controls the operations of engine 
1 in accordance with engine operating conditions. Turbine 
5 52 is disposed in exhaust pipe 54. Turbocharger 51 is located 
concentrically to both of turbine 52 and compressor 53, and 
has exhaust bypass valve 56 to bypass a part of the exhaust 
gas from an upstream side of turbine 52 so as to control the 
boost pressure in accordance with the engine operating 

10 conditions. Fuel injection valve 16 is disposed on each 
cylinder 39 to inject fuel into an intake port of cylinder 
39 and thereby form an air- fuel mixture in a combustion 
chamber. In the first embodiment, the fuel is injected during 
an exhaust stroke and an intake; stroke of piston 38 in every 

15 cycle. The air-fuel mixture is ignited by spark plug 17 to 
cause combustion in the combustion chamber. The combustion 
exhaust gas flows through exhaust pipe 54 to give a rotational 
energy to turbine 52 . The exhaust gas is cleaned by catalytic 
converter 19, and then, the cleaned gas is discharged through 

20 muffler 20. 

[0031] It is noted that engine 1 is designed as a 
four-cylinder engine and has three other sets of pistons 38, 
cylinders 39, fuel injection valves 16 and spark plugs 17 
although not shown in FIG . 1 . For identification , each piston 

25 38 is given a number (see FIG. 6). 

[0032] Further, internal combustion engine 1 has variable 
compression ratio mechanism 100 to control an engine 
compression ratio e. 

[0033] As shown in FIG. 2, variable compression ratio 
30 mechanism 100 is coupled to crankshaft 31 and includes lower 
link 34, upper link 35 and control link 40 for each cylinder 
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39 , control shaft 42 and actuator 43. 

[0034] Crankshaft 31 has a plurality of journals 32, 
crankpins 33 and counterweight 31a. Journals 32 are 
rotatably supported on the main bearings of an engine cylinder 
5 block (not shown) . Each crankpin 33 is located eccentrically 
to journal 32 by a given amount. An engagement hole is formed 
in substantially the center of lower link 34, and crankpin 
33 is engaged in the engagement hole of lower link 34 such 
that lower link 34 can pivot about crankpin 33. Upper link 

10 35 is pivotally connected at a lower end thereof to one end 
of lower link 24 by connecting pin 36 and is pivotally 
connected at an upper end thereof to piston 38 by piston pin 
37. Piston 38, when subjected to a combustion pressure, 
develops a reciprocating motion in cylinder 39. The 

15 reciprocating motion is transmitted from piston 38 to 

crankshaft 31 while being converted into a rotational power 
through upper and lower links 35 and 34. Control link 40 is 
pivotally connected at an upper end thereof to the other end 
of lower link 34 by connecting pin 41 and is pivotally 

20 connected at a lower end thereof to an engine body e.g. an 
appropriate portion of the cylinder block via control shaft 
42. Control shaft 42 has small-diameter portion 42b and 
large-diameter portion 42a eccentric to small-diameter 
portion 42b, and is supported on the engine body so that 

25 control shaft 42 can rotate about small-diameter portion 42b 
while being connected at large -diameter portion 42a to the 
lower end of control link 40 . When control shaft 42 is rotated 
by means of actuator 43, the shaft center of large -diameter 
portion 42a relative to the engine body becomes shifted so 

30 as to displace the pivot point of control link 40 (i.e. the 
lower end of control link 40) and thereby change the position 
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of piston 38 at piston top dead center (TDC) . The compression 
ratio 6 is then changed even during the intake stroke. 
[0035] Herein, variable compression ratio mechanism 100 is 
in the form of a multi-link type piston stroke mechanism as 
5 described above. The mult i- link type piston stroke 

mechanism has the advantage that the knock resistance of 
engine 1 becomes relatively stable against a change in the 
compression ratio e because the engine combustion chamber does 
not get distorted even when the compression ratio 8 is low 
10 and does not have edge and point that can cause surface 
ignition. Alternatively, variable compression ratio 
mechanism 100 may be in the form of a sub-piston type piston 
stroke mechanism as disclosed in Japanese Patent Publication 
No. 7-3201. 

15 [003 6] As shown in FIG. 3, the compression ratio e is 

controlled in accordance with the engine speed Ne and the 
throttle valve opening TVO (i.e. engine load). 
[0037] In the first embodiment, ECU 11 sets a target 
compression ratio so that variable compression ratio 

20 mechanism 100 adjusts an actual compression ratio to the 
target compression ratio. The target compression ratio is 
set to increase with decrease in the throttle valve opening 
TVO so as to obtain an improvement in fuel economy, and to 
decrease with increase in the throttle valve opening TVO so 

25 as to prevent the occurrence of knocking. Although the 

throttle valve opening TVO is used as an engine load parameter 
in the first embodiment , the accelerator pedal opening APO 
or intake gas amount may be used in place of the throttle valve 
opening TVO. Further, the target compression ratio is set 

30 to increase with the engine speed Ne. As the high-speed 
running of engine 1 develops a larger inertial force, it is 
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alternatively possible to keep the target compression ratio 
constant when the engine speed Ne is relatively high. 
[0038] The target compression ratio is converted into a 
target angle (position) of control shaft 42 (hereinafter 
5 referred to as a "target control shaft angle" ) . Upon receipt 
of input about an actual control shaft angle from a control 
shaft angle sensor (not shown), ECU 11 generates a feedback 
control signal based on a deviation between the actual control 
shaft angle and the target control shaft angle and drives 
10 actuator 43 under the control signal. 

[0039] As shown in FIGS. 4 and 5, the position of piston 
38 varies with the crank angle. 

[ 0040 ] At the time of shifting from a high compression ratio 
state to a low compression ratio state during the intake 

15 stroke between TDC and bottom dead center (BDC) , the piston 
displacement volume transiently increases compared to the 
case where the compression ratio e is kept constant. Such 
an increase in the piston displacement volume causes an 
increase in the amount of intake gas introduced into cylinder 

20 39 in that cycle. If the fuel injection amount has been 

decided before the increase in the piston displacement volume, 
the actual air- fuel ratio of engine 1 deviates from a target 
air-fuel ratio toward a lean side. 

[0041] On the other hand, the piston displacement volume 
25 transiently decreases at the time of shifting from a low 
compression ratio state to a high compression ratio state. 
If the fuel injection amount has been decided before the 
decrease in the piston displacement volume, the actual 
air-fuel ratio of engine 1 deviates from the target air-fuel 
30 ratio toward a rich side. 

[0042] In order to avoid such an air-fuel ratio deviation, 
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fuel injection is controlled as follows. 

[0043] As shown in FIG. 6, the fuel is injected in two steps 
per cylinder per cycle. Main fuel injection is performed on 
the exhaust stroke to inject a standard amount of fuel into 
5 the intake port of cylinder 39. After that, secondary fuel 
injection is performed on the intake stroke to inject an 
adjustable amount of fuel into the intake port of cylinder 
30. (Hereinafter, the amount of fuel injected during the 
intake stroke is referred to as an "intake- stroke fuel 

10 injection amount.) When variable compression ratio 

mechanism 100 operates to change the compression ratio 8, the 
intake-stroke fuel injection amount is corrected in response 
to the change in the compression ratio 8 in such a manner that 
the intake- stroke fuel injection amount increases with 

15 decrease in the compression ratio 8 and decreases with 
increase in the compression ratio e. 

[0044] In the first embodiment, the intake-stroke fuel 
injection amount is corrected by determining a correction 
value with reference to a fuel injection amount correction 
20 map of FIG. 7 that defines the correction value relative to 
the engine speed Ne and the rotation speed of control shaft 
42 (hereinafter referred to as a "control shaft speed Vcsft") . 
Herein, the control shaft speed Vcsft corresponds to a 
compression ratio control speed at which the compression 

25 ratio e is changed. 

[0045] As indicated in the correction map, the correction 
value is set at a positive value when control shaft 42 rotates 
in a direction that decreases the compression ratio 8 and is 
set at a negative value when control shaft 42 rotates in a 

30 direction that increases the compression ratio e. Further, 
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the amount of change in the piston displacement volume per 
cycle decreases with increase in the engine speed Ne when the 
compression ratio control speed is kept constant, and 
decreases with decrease in the compression ratio control 
5 speed when the engine speed Ne is kept constant . The 

correction value is thus set in such a manner that the absolute 
magnitude of the correction value increases with decrease in 
the engine speed Ne and with increase in the control shaft 
speed Vcsft. 

10 [0046] The correction of the intake-stroke fuel injection 
amount is carried out as indicated in FIG. 8. 
[0047] In step S101, ECM 11 reads the engine speed Ne and 
the control shaft speed Vcsft in response to the change in 
the compression ratio 8. 

15 [0048] In step S102, ECM 11 refers to the fuel injection 
amount correction map and looks up the correction value in 
the correction map in correspondence with the engine speed 
Ne and the control shaft speed Vcsft. 

[0049] In step S103, ECM 11 corrects the intake-stroke fuel 
20 injection amount based on the correction value to thereby 
adjust a fuel injection pulse width. Herein, the 
intake-stroke fuel injection amount is corrected by adding 
the correction value to a reference fuel amount. If the 
correction value is zero, the intake-stroke fuel injection 
25 amount is set at the reference fuel amount . If the correction 
value is greater than zero, the intake-stroke fuel injection 
amount increases by the correction value with respect to the 
reference fuel amount so as to be commensurate with the 
transient increase in the piston displacement volume. If the 
30 correction value is smaller than zero, the intake- stroke fuel 
injection amount decreases by the correction value with 
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respect to the reference fuel amount so as to be commensurate 
with the transient decrease in the piston displacement volume 
[0050] This makes it possible to supply an appropriate 
amount of fuel to engine 1 and prevent an air-fuel ratio 
5 deviation that can be caused by a transient change in piston 
displacement volume under compression ratio control. The 
running and exhaust performance of engine 1 can be thus 
improved . 

[0051] In addition, the following modification may be made 

10 to the first embodiment. 

[0052] The air-fuel ratio needs to be a richer value than 
the stoichiometric air-fuel ratio (i.e. excess air factor X 
= 1) for higher power output in a low compression ratio state 
and be a leaner value than the stoichiometric air-fuel ratio 

15 for low fuel consumption in a high compression ratio state. 
It is thus desirable to control the air-fuel ratio to a richer 
value at the time of shifting from the high compression ratio 
state to the low compression ratio state and to control the 
air-fuel ratio to a leaner value at the time of shifting from 

20 the low compression ratio state to the high compression ratio 
state. If the fuel injection amount has been determined 
before the change of the compression ratio e, such air- fuel 
ratio control is not feasible. 

[0053] Accordingly, the intake-stroke fuel injection 
25 amount can be corrected based on not only the first -mentioned 
correction value set in response to the transient change in 
the piston displacement volume but also a second correction 
value set to control the air-fuel ratio to a desired value. 
The second correction value is set to increase the fuel 
30 injection amount such that the air-fuel ratio becomes richer 
when the compression ratio e decreases and to decrease the 
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fuel injection amount such that the air- fuel ratio becomes 
leaner when the compression ratio e increases. By this, it 
becomes possible to prevent the air-fuel ratio deviation 
under compression ratio control and, at the same time, control 
5 the actual air-fuel ratio promptly to the target air-fuel 
ratio, thereby obtaining a further improvement in the running 
and exhaust performance of engine 1. 

[0054] Next, a second embodiment of the present invention 
will be explained below. The second embodiment is similar 

10 to the first embodiment, except for the correction procedure 
of the intake-stroke fuel injection amount. In the second 
embodiment, the intake-stroke fuel injection amount is 
corrected in response to the change in the piston displacement 
volume when the control shaft speed Vcsf t is larger than or 

15 equal to a given value Vcsf tl and the engine speed Ne is lower 
than or equal to a given value nl . Further, the fuel injection 
amount correction value is determined based on the 
compression ratio control speed, i.e., the control shaft 
speed Vcsft in the second embodiment. 

20 [0055] The basis for correcting the intake-stroke fuel 
injection amount at the time of Vcsft = Vcsftl and Ne = nl 
will be now explained. 

[0056] It is assumed that engine 1 has a displacement volume 
of 500 cc and a variable compression ratio e ranging from 8 
25 to 15 and needs 0.1 second to change from the highest 

compression ratio to the lowest compression ratio (or change 
from the lowest compression ratio to the highest compression 
ratio) . 

[0057] When the engine speed Ne is a normal idling speed 
30 of 600 rpm, the compression ratio e changes by the maximum 
amount between the highest compression ratio and the lowest 
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compression ratio during a single rotation. That is, the 
compression ratio e changes during the intake stroke by a half 
of the above maximum compression ratio change amount . At that 
time, the amount of change in the piston displacement volume 
5 during the intake stroke becomes approximately 17 cc and 
corresponds to 3.5% of the piston displacement volume. The 
air-fuel ratio of engine 1 deviates from the stoichiometric 
air-fuel ratio (A/F = ca. 14, X. = 1) by about 0.5. There arises 
a need for correcting the intake- stroke fuel injection amount 

10 so as to reduce such an air-fuel ratio deviation. 

[0058] When the engine speed Ne is lower than the idling 
speed, the intake stroke gets longer in time. The amount of 
change in the compression ratio 8 during the intake stroke 
increases, and the need for correcting the intake-stroke fuel 

15 injection amount also increases. 

[0059] On the other hand, when the engine speed Ne is higher 
than the idling speed, the amount of change in the compression 
ratio e during the intake stroke decreases. The air-fuel 
ratio deviation is reduced to 0.5 or less . There is no 

20 necessity to correct the intake-stroke fuel injection amount . 
[0060] It is thus reasonable to define a threshold engine 
speed and correct the intake- stroke fuel injection amount 
when the engine speed Ne is lower than or equal to the threshold 
engine speed. 

25 [0061] Further, the amount of change in the compression 
ratio e during the intake stroke increases with increase in 
the compression ratio control speed. Then, the need for 
correcting the intake- stroke fuel injection amount increases 
so as to prevent the air-fuel ratio deviation. It is also 

30 reasonable to define, with reference to the minimum 

compression ratio control speed (at which the intake stroke 



15 

is longest) , a threshold compression ratio control speed that 
leads to the air-fuel ratio deviation to be corrected and 
correct the intake- stroke fuel injection amount when the 
compression ratio control speed is higher than or equal to 
5 the threshold compression ratio control speed, 

[0062] As the engine speed Ne is controlled to within a 
narrow speed range as above, the air- fuel deviation is more 
susceptible to the compression ratio control speed. The 
correction value can be thus determined based on the 

10 compression ratio control speed in the second embodiment. 
[0063] In the second embodiment, the correction value is 
determined with reference to a fuel injection amount 
correction map of FIG. 9 . As indicated in the correction map, 
the correction value is set to increase with increase in the 

15 control shaft speed Vcsft at the time of Vcsft = Vcsftl and 
Ne = nl. Although FIG. 9 only shows the positive correction 
value relative to the engine speed Ne and the control shaft 
speed Vcsft at the decrease in the compression ratio e, it 
is possible to set the negative correction value relative to 

20 the engine speed Ne and the control shaft speed Vcsft at the 
increase in the compression ratio e such that the absolute 
magnitude of the correction value increases with increase in 
the control shaft speed Vcsft and to correct the intake -stroke 
fuel injection amount at the time of Vcsft = Vcsftl and Ne 

25 = nl for the same reason above. 

[0064] The correction of the intake- stroke fuel injection 
amount is carried out as indicated in FIG. 10. 
[0065] In step S121, ECU 11 reads the engine speed Ne and 
the control shaft speed Vcsft. 

30 [0066] In step S122, ECU 11 determines whether the control 
shaft speed Vcsft is larger than or equal to the given value 
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Vcsf tl and the engine speed Ne is lower than or equal to the 
given value nl. If Yes in step S122, the program goes to step 
S123. If No in step S122, the program exits without 
correcting the intake -stroke fuel injection amount. 
5 [0067] In step S123, ECM 11 refers to the fuel injection 
amount correction map and looks up the correction value in 
the correction map in correspondence with the control shaft 
speed Vcsft. 

[0068] In step S124, ECM 11 corrects the intake-stroke fuel 

10 injection amount based on the correction value. 

[0069] By this correction procedure, engine 1 is supplied 
with an appropriate amount of fuel. The air-fuel ratio 
deviation can be thus prevented even when the piston 
displacement volume transiently changes under compression 

15 ratio control, thereby attaining improvements in running and 
exhaust performance. In addition, the control of engine 1 
becomes more simplified in the second embodiment. 
[0070] Alternatively, the intake-stroke fuel injection 
amount can be corrected in the second embodiment based on not 

20 only the first -mentioned correction value set in response to 
the transient change in the piston displacement volume but 
also a second correction value set to control the air-fuel 
ratio to a desired value as in the first embodiment. 
[0071] A third embodiment of the present invention will be 

25 explained below. The third embodiment is similar to the first 
embodiment, except for the correction procedure of the 
intake-stroke fuel injection amount. As shown in FIG. 13, 
the compression ratio control speed is generally determined 
in accordance with a deviation Ae between the actual 

30 compression ratio and the target compression ratio at the 
initial stage of acceleration (hereinafter just referred to 



17 

as a "compression ratio deviation"). The correction value 
is thus set based on the engine speed Ne and the compression 
ratio deviation Ae in the third embodiment, so as to make 
substantially the same correction as in the first embodiment. 
5 [0072] The correction value is determined with reference 
to a fuel injection amount correction map of FIG. 11 in the 
third embodiment. As indicated in the correction map, the 
correction value is set to increase with decrease in the 
engine speed Ne and increase with increase in the compression 

10 ratio deviation Ae. Although FIG. 11 only shows the positive 
correction value relative to the engine speed Ne and the 
compression ratio deviation As at the decrease in the 
compression ratio e under acceleration, it is possible to set 
the negative correction value relative to the engine speed 

15 Ne and the compression ratio deviation Ae at the increase in 
the compression ratio e under deceleration such that the 
absolute magnitude of the correction value increases with 
decrease in the engine speed Ne and increases with increase 
in the compression ratio deviation Ae. 

20 [0073] The correction of the intake-stroke fuel injection 
amount is carried out as indicated in FIG. 12. 
[0074] In step S131, ECU 11 determines whether engine 1 is 
in an acceleration state. If Yes in Step S131, the program 
goes to step S132. If No in step S131, the program exits. 

25 [0075] In step S132, ECU 11 calculates the compression 
ratio deviation Ae. For example, the compression ratio 
deviation Ae can be determined as a deviation between the 
actual control shaft angle and the target control shaft angle. 
[0076] In step S133, ECU 11 refers to the fuel injection 

30 amount correction map to look up the correction value in the 
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correction map in correspondence with the engine speed Ne and 
the compression ratio deviation Ae. 

[0077] In step S134, ECU 11 corrects the intake- stroke fuel 
injection amount based on the correction value. 
5 [0078] The air-fuel ratio deviation can be thus prevented 
even when the piston displacement volume transiently changes 
under compression ratio control, thereby attaining 
improvements in running and exhaust performance. In 
addition, the compression ratio control speed, i.e. , control 

10 shaft speed Vcsf t is not necessarily detected to correct the 
fuel injection amount. This makes it possible to easily make 
a judgment about whether the fuel injection amount needs 
correction or not at a relatively early stage without being 
affected by noises resulting from the detection of the control 

15 shaft speed Vcsft and thereby prevent a deterioration in 
driveability due to the air- fuel ratio deviation more 
effectively. 

[0079] As in the first and second embodiments, the 
intake- stroke fuel injection amount may alternatively be 

20 corrected in the third embodiment based on not only the 
first -mentioned correction value set in response to the 
transient change in piston displacement volume but also a 
second correction value set to control the air-fuel ratio to 
a desired value. 

25 [0080] Finally, a fourth embodiment of the present 

invention will be explained below. The intake- stroke fuel 
injection amount is corrected in response to the transient 
change in the piston displacement volume under compression 
ratio control in the first to third embodiments. However, 

30 the amount of such a transient change in the piston 
displacement volume can be reduced by regulating the 
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compression ratio control speed (i.e. control shaft speed 
Vcsft) . Accordingly, the compression ratio control speed is 
regulated in accordance with the engine speed Ne and the 
compression ratio deviation Ae in the fourth embodiment so 
5 as to prevent the air- fuel ratio deviation under compression 
ratio control. 

[0081] In the fourth embodiment, the compression ratio 
control speed is regulated by determining a regulation value 
with reference to a compression ratio control speed 

10 regulation map of FIG. 14. As indicated in the regulation 
map, the regulation value is set to increase with decrease 
in the engine speed Ne and to increase with increase in the 
compression ratio deviation Ae. Herein, a larger regulation 
value means that the maximum compression ratio control speed 

15 is regulated to a lower value. Although FIG. 14 only shows 
the regulation value relative to the engine speed Ne and the 
compression ratio deviation Ae at the decrease in the 
compression ratio e under acceleration, it is also possible 
to set the regulation value relative to the engine speed Ne 

20 and the compression ratio deviation Ae at the increase in the 
compression ratio e under deceleration. 

[0082] The compression ratio control speed is regulated as 
indicated in FIG. 15. 

[0083] In step S141, ECU 11 determines whether engine 1 is 
25 in an acceleration state. If Yes in step S141, the program 
goes to step S142. If No in step S141, the program exits. 
[0084] In step S142, ECU 11 calculates the compression 
ratio deviation Ae. For example, the compression ratio 
deviation Ae can be determined as a deviation between the 
30 actual control shaft angle and the target control shaft angle. 
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[0085] In step S143, ECU 11 refers to the compression ratio 
control speed regulation map and looks up the regulation value 
in the regulation map in correspondence with the engine speed 
Ne and the compression ratio deviation Ae. 
5 [0086] In step S144, ECU 11 regulates the actuator control 
signal based on the regulation value so as to control the 
compression ratio control speed. 

[0087] The transient change in the piston displacement 
volume under compression ratio control can be thus minimized 
10 so as to prevent the air-fuel deviation and thereby avoid a 
deterioration in the running and exhaust performance of 
engine 1 . 

[0088] Although the regulation value is set to regulate the 
control shaft speed Vcsft in the fourth embodiment, the 

15 regulation value may alternatively be set to regulate the 
maximum current amount when engine 1 is configured to control 
the compression ratio £ by current regulation, or to regulate 
the maximum duty ratio when engine 1 is configured to control 
the compression ratio e by regulating the duty solenoid of 

20 a hydraulic circuit. Further, the compression ratio control 
speed can be regulated based on not only the above-mentioned 
regulation value set in response to the transient change in 
piston displacement volume but also a second regulation value 
set to control the air-fuel ratio to a desired value. 

25 [0089] As described above, it is possible in the 

above -described first to fourth embodiments of the present 
invention to prevent an air- fuel ratio deviation under 
compression ratio control and thereby obtain improvements in 
running (power output and fuel efficiency) performance and 

30 exhaust performance in a transient driving state. 

[0090] The entire contents of Japanese Patent Application 
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No. 2002-382130 (filed on December 27, 2002) are herein 
incorporated by reference. 

[0091] Although the present invention has been described 
with reference to specific embodiments of the invention, the 
invention is not limited to the above-described embodiments. 
Various modification and variation of the embodiments 
described above will occur to those skilled in the art in light 
of the above teaching. The scope of the invention is defined 
with reference to the following claims. 



